1) Definite changes in the radiographic appearance of the bones are found in renal infantilism.
WHEN I was appointed radiologist to the Children's Hospital, Birmingham, in 1920, I saw a number of radiographs of the long bones in children which showed a definite abnormality of the bone structure, but I was unable to offer any opinion as to the cause of the bone change. I became interested to see if it were possible to associate any of these bone changes with a particular disease, and to find if any of them were sufficiently typical to be of diagnostic value.
These bone changes were obviously due to some systemic disease, for all the long bones were affected to a greater or less extent, and it became evident that they were confined to cases of infantilism of two types, those associated with cceliac disease and interstitial nephritis.
I was fortunate in being associated at the Hospital with Dr. Leonard Parsons, who was much interested in these conditions, with the result that I had access to a number of cases which were of considerable help in working out the radiographic appearances.
I propose to confine my observations to the radiographic appearances seen in renal infantilism, for, though it is possible in many cases to recognize radiographically a type of bone change which is probably due to cceliac disease, I do not think the abnormalities found are sufficie7ntly typical to enable me, at present, to make a diagnosis from the radiographic examination alone.
In the case of renal infantilism, however, some of the cases show a type of bone change which is sufficiently typical to be of diagnostic value. On one occasion I have been able to diagnose this somewhat rare disease from the radiographic examination of a child in whom it had not been previously recognized. In view of this fact, I thought it would be worth while bringing these appearances to the notice of radiologists, although Dr. Parsons has already published a paper in which he has included radiographs of some of these cases, and referred to the radiographic appearances as we have found them at the Children's Hospital, Birmingham.
Renal infantilism has interested physicians in this country since Morley Fletcher [1] showed a case of this disease at the Section for the Study of Disease in Children in 1911. It is an interstitial nephritis occurring in children, associated with infantilism, and frequently with the production of bony deformities. It terminates fatally before the patient reaches adult life. Its interest for radiologists lies F-ELEC. 1 especially in the fact that it is often the deformities which first draw attention to the condition.
The first real contribution to the subject in the literature is a paper by Miller and Parsons [21 which appeared in 1912. In this paper an excellent description of the clinical condition is given, and these observers especially noted the bone deformities. It is rather remarkable, therefore, to find that in no case does an X-ray examination appear to have been made to show the condition of the bones. The only reference to radiography in this paper is in the case quoted from Weber in which the sella turcica is reported as being " of normal or possibly increased dimensions."
The first interest in the radiography of this condition appears to have been in 1920, when Paterson [3] read a paper at the Section for the Study of Disease in Children, and showed radiographs of three cases. Barber [4] also published a radiograph of one of his cases in 1920.
The present contribution to the radiography of renal infantilismn is based on the examination of ten cases of this condition, in patients varying in age from 16 months to 17 years. I have found radiographic evidence of abnormality in the bones in all these patients. The changes seen can be divided into two distinct types, which I have called: (1) The rachitic type; (2) the characteristic woolly type.
(1) The Rachitic, Type.-This type of bone change was present in three out of my ten cases. The bones, as a whole, showed a coarsening of the trabecule, and at the ends of the bones there was a typical rachitic metaphysis. In one case there was marked atrophic change, with an openwork arrangement of the trabeculhe very similar to that seen in cases of coeliac rickets.
I do not regard this type as being in any way diagnostic, and I do not think the radiographic appearance alone would enable one to distinguish between it and ordinary rickets. During the intervals when the kidney function improves, the rickets heals, only to relapse again when the child's condition becomes worse.
When Dr. Parsons [5] wrote his paper earlier in the year, the radiographic appearances were divided into three types, but further experience makes us regard the two types there described as atrophic" and "florid," as being different phases of the same type of change, and I have, therefore, included them both in the rachitic type.
The radiograph published by Barber [4] is of this type, and he says in his paper that a second case he examined showed the same type of bone change.
(2) The Characteristic Woolly Type.-I found that this type of bone change was present in seven out of my ten cases, and I regaprd it, when present, as being sufficiently typical to be of diagnostic value. One of my cases was, as mentioned above, first diagnosed from the radiographic examination; later this child was sent to Dr. Parsons who confirmed the diagnosis. The patient was sent to me by an orthopa3dic surgeon, as the question of correcting the deformities had arisen. Osteotomy is very easy to perform in these cases, owing to the softness of the bones,, but, unfortunately, it may be attended by serious consequences, usually by the onset of uremia. It is very important, therefore, that a radiologist should be able to recognize the condition when this question arises. This woolly type of change is found in the cases of renal infantilism which show the marked bone deformities. The radiographs show a definite osteoporosis which increases with the severity of the case. The trabecule are thickened and fluffylooking, instead of showing the normal sharp outline. The diaphysis is straight, but at the end of the bone there is a long metaphysis. It is in the metaphysis that the deformities arise. It shows irregular ossification with a stippled, woolly appearance, and although it is longer than the metaphysis seen in rickets, it is not so splayed out, nor does it show the "champagne glass" end so typical of florid rickets. In this metaphysis the bone appears to be eaten away under the periosteum, producing a radiographic appearance, which always reminds me of a wooden post which has rotted away in the earth. I think this subperiosteal " eaten away" appearance in the metaphysis constitutes the most important feature in the radiographic appearance from the diagnostic point of view. One of my cases showed this appearance of subperiosteal erosion in the upper end of the shaft of the tibia at some distance from the epiphyseal line.
This woolly type of change is quite unlike that seen in rickets; in fact, when I first saw a radiograph showing this appearance, I thought it was due to syphilitic disease, and the question of rickets did not arise. Syphilis has, however, been excluded in all these cases. The only other condition which might be called in question from the radiographic point of view, is a chronic osteomyelitis, but no real difficulty arises here, for there is no evidence of any inflammatory reaction at any stage in the disease.
All the long bones may be affected to a greater or less extent, but the changes are best seen at the knees, wrists and ankles. When examining a child for this condition, it is important to examine all the bones, as the changes seen are by no means symmetrical. In all my cases the condition was more evident on one side than the other, sometimes the right was the more severely affected, and sometimes the left. Nor are the bones at any particular joint affected similarly, at the wrist for instance, sometimes the ulna and sometimes the radius shows the greater change.
As the change advances, the absence of the bone under the periosteum becomes so marked that the end of the bone collapses owing to lack of support. Usually this absence of bone is more evident on one side of the metaphysis, so that there is comparatively solid bone on one side and practically none on the other. As a result of this, the bone-end carrying the epiphysis not only collapses, but collapses sideways, producing the most extraordinarv deformities in advanced cases.
In addition to the changes seen in the long bones, in some of the severe cases, definite bone changes were found in the skull. The bones of the cranium showed a stippled, woolly appearance. Of the seven cases which showed the woolly type of change, three showed this appearance in the cranial bones. In one case the stippling was quite fine, in the second, a more severe case, it was much more coarse, and in the third, the degree of bone -change was extraordinary. All trace of the inner and outer tables of the cranial bones had disappeared, and the bone was much thickened. The appearance in this case was practically identical with that seen in osteitis deformans.
The radiographs shown by Paterson [3] appear to be of this woolly type. He describes the occurrence of fractures behind the epiphysis, and explains the irregular appearance seen in the bones as being due to callus thrown out in the process of repair. That this is not the case is seen from the radiographs I will show you, in which the irregular ossification is seen to be present before any collapse of the boneend occurs, and, as explained above, I do not regard the appearance seen in the advanced cases as being due to fractures, in the ordinary sense of the word, but to a collapse of the bone-end owing to lack of support in the metaphysis on one side or the other. Brockman [6], in a paper published in April this year, shows radiographs of three cAes qf renal infantilism. One of these appears to be of what I have called the "rachitic " type; the other two are of the "woolly " type. He regards the cause of the deformity as being a dislocation of the epiphysis. With this view, also, I cannot agree, as the deformity arises, not at the epiphyseal line, but in the metaphysis behind it. I have already pointed out that the arrangement of the bone in the metaphysis is very irregular, and it may happen that bone is absent throughout its whole width, with the result that no supporting bone is seen between the end of the diaphysis and the epiphysis, thus giving rise to an apparent dislocation at the epiphyseal line.
I have a post-mortem specimen of an affected tibia, together with a radiograph made from it, which show quite clearly where and how the collapse occurs. The lower end of this tibia shows fairly sound bone on the one side of the metaphysis and an "eaten away " appearance on the other, away from the epiphyseal line. The collapse has occurred, as will be seen, not at the epiphyseal line, but in the middle of the metaphysis. At this stage it is incomplete, and there is still a gap into which the bone-end can collapse further. When the collapse is complete, as seen in one of my cases which shows advanced bone changes, there is nothing to indicate how it has occurred, and the deformity appears to be the result of a fracture. I have watched this process over several months in another of my cases, and have seen the bone in various stages of collapse.
That there are two distinct types of bonechange found in renal infantilism is, I think, clear. In one of my cases showing the rachitic type of change, the patient had been under observation for over five years, until his death a month ago. Although his kidney lesion was sufficiently severe to cause his death, he at no time showed any sign of changing to the woolly type. Another case of the rachitic type has been watebed for nearly two years. The condition has varied considerably during this time, and with it the radiographic appearance of the bones; the rickets has healed, relapsed, healed, and now relapsed again for the second time, but still the bones remain true to type. Why these two types of bone change occur, I can offer no explanation. I am convinced that there is some factor of which we at present know nothing which determines the type of bone change, and I hope that a further study of cases of this type will make clear what this factor is. It is interesting, however, to note that, little as the woolly type resembles rickets radiographically, Dr. Parsons, as a result of the biochemical examination of these patients, has been able to show that the lesion is essentially a low calcium rickets. The bone change seems to be that of experimental low calcium rickets as described by Shipley [7] . The bloodphosphorus is abnormally bigh as a result of the kidney lesion, and although the blood-calcium may actually be normal, it is relatively low.
Dr. Parsons [5] agrees with Shipley's view that under certain conditions rickets may have an endogenous origin, and these bone changes in renal infantilism seem to be a case in point. I consider that the "woolly" type of bone change is sufficiently characteristic to enable the condition of renal infantilism to be diagnosed from the radiographic appearance. Karshner [81, in a recent paper, says that the roentgen appearance is indistinguishable from that of rickets. This may be due to the fact that the radiographs of the one case which he reports are of the "rachitic" and not of the woolly" type. Asheroft [9] thinksthat while the appearance seen in the radiograph is characteristic, it is that of a type of rickets in which the bonechange at the epiphysis predominates. I do not know exactly what he means by this, for the radiographic appearance seen in the "woolly" type is not in the least like that of ordinary rickets. Rickets is a constitutional disease in which the bones are affected as a result of a disturbance of the calcium-phosphorus metabolism. There ftre various factors which will bring about this disturbance. In the case of renal infantilism the bone lesion develops although the patient is receiving a normal diet, with anample supply of calcium, phosphorus and vitamin D. It is, therefore, not caused in the same way as ordinary rickets, and, as pointed out above, appears to be There is still a gap into which it can collapse further, when the appearance would be as that seen in Fig. 3.   FIG. 9. -Drawing of the lower end of the tibia in the pathological specimen from which the radiograph in Fig. 8 Section of Electro-Therapeutics 29 of endogenous origin. Just as the cause may vary, so may the radiographic appearance, and the "woolly" type of bone change found in renal infantilism, although it is essentially due to a low calcium rickets, differs sufficiently from that of ordinary rickets to enable it to be distinguished from that condition in the radiograph. As the disease is comparatively rare, the number of cases I have been able to collect up to date is necessarily small, but the number of radiographs of children's bones which I have examined in the last seven years is very large, and not in any single case, apart from the ones under review, have I seen anything like this " woolly" type of bone change found in renal infantilism.
In conclusion, I should like to express my thanks to Dr. Leonard Parsons for his hielp in this investigation, and also to the Sister in charge of the X-ray Department for the trouble she has taken with these patients, who have caused her a great deal of extra work.
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Bonie and Joint Surg., Boston, 1926, viii, 279. Discussion.-Dr. F. PARKES WEBER suggested that the two radiological types otbonechange associated with renal infantilism might be termed (1) the rachitic type, and (2) the " osteomalacial type "-in preference to the "woolly type "-since in the latter type the radiological appearance was apparently due to absorption of calcium salts, though of different distribution to that in the osteomalacia of women.
Dr. KINGSTON BARTON said that as true rickets was confined more or less to children aged under 4 years, the deformities of the joints and limbs, the exaggerated knock-knees and bad valgus of feet, usually seen in the older children of these renal cases, and called late or delayed rickets, could hardly be called true rickets, in spite of the close resemblance of their outward appearances. He (Dr. Barton) would have expected that the woolly character of the radiograms so clearly described by Dr. Teall could be explained by the removal of calcium from the new bone deposits in the neighbourhood of the growing ends of the bones. And with Dr. Teall's radiological evidences of the irregular and large areas of disappearance of true bone, scattered through the metaphysial ends of the growing bones, it was easy to see how both the pull of the muscles with the force of gravity, and the increasing weight of these children as they passed the twelve-year-old period, brought about the severe deformities so often seen. At a recent meeting of the Section of Orthopiedics there was shown a rather heavy boy, aged 13, with extreme deformities of knees and ankles, associated with renal infantilism. In true rickets of the two-year-old type no doubt the blood acidosis brought about by the gastro-intestinal affections associated with the improper dietary of the child, was the main factor in the withdrawal of calcium from the recent new bone to correct this acidity of the 'blood. So, in older children the ever-increasing renal sclerosis, accompanied by a varying degree of capillary fibrosis in every organ of the body. including the endocrine glands, would cause perverted action of all the physiological processes concerned with growth and development, and so lead to dwarfism and infantilism. The difference in age at which the renal disease might have started must be a potent factor in the development of the various usual symptoms met with. Dr. Barber (of Derby) and others had quoted cases prenatal in origin. And this age question must have a bearing upon the type of bone changes which would take place. Some early cases of renal disease did seem to escape the bone deformities, but this fact must depend on the temporary escape from advanced vascular disease in the endocrines and vital organs. The microscopic appearances in this later woolly type, as described by a few authors, did not quite tally with those found in true rickets. Dr. Teall's convincing radiograms of the special changes in the metaphysial portions of the bones certainly bore out this statement. F-ELEC. 2 *
